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human and animal vaccine vectors.
The reovirus paradigm contains nu-
merous unifying features in structure
and replication with other highly
pathogenic Reoviridae, including the
strains that cause a considerable bur-
den on human health globally. It is
likely that the insights presented here
will quickly be extrapolated to other
Reoviridae familymembers, like rotavi-
ruses, leading to new therapies for the
improvement of world health. Rotavi-
rus infections cause 500,000 deaths
per year globally in young children
and infants, mostly in the developing
world. Although two new live virus vac-
cines have recently been licensed, an
earlier vaccine, Rota Shield, was with-
drawn in 1999 after postmarketing sur-
veillance identified an association with
intussusception (Glass et al., 2005).
How efficacious will these new live
rotavirus vaccines prove in infants
and children of the developing world?
Reoviridae reverse genetics provides
a strong approach to identify and de-
code the function of virulence alleles
in pathogenesis. Rational design of re-
combinant live rotavirus vaccines con-
taining defects in virulence alleles will
provide an approach to improve safety
and efficacy. In an era focusing on
translation research and the impact
of the biotechnology revolution on the
global economy, the history of reovi-
ruses reaffirms the critical importance
of basic science and model organisms
as catalysts for key breakthroughs in
the scientific process.
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The ability to mount an adaptive immune response is thought to be an attribute restricted to
vertebrates. A new study conducted in Drosophila demonstrates that invertebrate immunity can
adapt to an immune challenge and mount a specific immune response.Immunity refers to all biological func-
tions conferring protection to an indi-
vidual against the disruptive properties
of various entities, includingmolecules,
cells, organs, and organisms. Study of
the immune system has been divided
into innate and adaptive immunity. In-
nate immunity refers to the intrinsic
ability of an organism to detect and
counteract the potentially harmful
activities of nonself (Janeway and
Medzhitov, 2002). The concept of
adaptive immunity emerged from the
observation that, once primed withan immune challenge, the individual
retains the potential to mount a re-
sponse specific to this challenge.
This is exemplified by the clonal
selection of antigen-specific antibody-
producing cells (Burnet, 1976). In addi-
tion to specificity, adaptive immunity
may confer memory so that the
response to subsequent similar chal-
lenges may be more effective (Pulen-
dran and Ahmed, 2006). The mecha-
nisms involved in mounting an innate
immune response have been con-
served throughout evolution and areCell Host & Micrrecognized in both vertebrates and
invertebrates (Hoffmann et al., 1999).
However, the processes underlying
adaptive immunity have only been
documented in vertebrates and are
therefore considered to be an evolu-
tionarily acquired trait added to the
pre-existing innate immune system.
In a recent report published in PLoS
Pathogens, D. Schneider and col-
leagues challenge this view, providing
data to support the idea that inverte-
brate immunity can indeed adapt
(Pham et al., 2007).obe 1, April 2007 ª2007 Elsevier Inc. 91
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emerged as a powerful genetic system
to study innate immunity in inverte-
brates. Upon systemic bacterial infec-
tion, Drosophila immune response
relies on both humoral and cellular
processes (Lemaitre and Hoffmann,
2007). The humoral response includes
the secretion of antimicrobial peptides
(AMPs) into the hemolymph, the insect
blood, by the fat body, which is a tis-
sue that is functionally equivalent to
the vertebrate liver. The expression of
AMPs is controlled at the transcrip-
tional level by two NF-kB signaling
pathways, Toll and Imd. The activation
of both pathways is mediated by
receptors involved in the recognition
of microbial patterns, such as the
peptidoglycan. The cellular immune
response relies on hemocytes, the
cells patrolling the insect hemolymph.
Most hemocytes display phagocytic
properties and are involved in the
clearance and killing of bacteria upon
infection.
The authors of the Pham et al. study
communicate the remarkable obser-
vation that priming Drosophila adults
by injecting a sublethal dose of
Streptococcus pneumoniae into the
hemolymph protects the flies from an
otherwise lethal second challenge.
This observation by itself is not novel,
since Boman and colleagues have
shown 30 years ago that long-lasting
antimicrobial activities can be de-
tected in the insect hemolymph after
an initial immune challenge that
confers protection upon subsequent
challenges (Boman et al., 1972). The
remarkable aspect of the work pre-
sented by the Schneider group arises
from the specificity of the observed
response: priming with S. pneumoniae
only protects from subsequent infec-
tion with S. pneumoniae. For instance,
priming with S. pneumoniae does not
protect against infection with other
microbes described as pathogenic to
Drosophila, including Salmonella
typhimurium (Brandt et al., 2004), Lis-
teria monocytogenes (Cheng and
Portnoy, 2003; Dionne et al., 2003),
and Mycobacterium marinum (Dionne
et al., 2003). Moreover, priming with
sublethal doses of the same panel of
pathogens does not protect from
S. pneumoniae challenge. Therefore,92 Cell Host & Microbe 1, April 2007 ª20the protection conferred by priming in
flies is very specific and thus highly rem-
iniscent of the protection conferred
by the adaptive immune response in
vertebrates. Furthermore, the authors
argue that the resistance persists
through the life of the fly, suggesting
that the other characteristic of the
vertebrate adaptive immune response,
memory, may be paralleled as well.
However, this aspect is difficult to in-
vestigate further in a short-lived model
system like Drosophila, which displays
a life span of only 5 weeks under the
experimental conditions used in this
study. Indeed, one could question if
immunological memory would confer
any selective advantage to such short-
lived animals.
To identify the mechanisms under-
lying protection in primed flies, the
authors next investigated the potential
involvement of known aspects of the
Drosophila immune response. Genetic
analysis was used to conclude that
the protective effect conferred by
priming requires Toll signaling. Fur-
thermore, the authors characterize
the role of phagocytes in the response
to S. pneumoniae infection. They used
an assay based on the injection of
latex beads, which are taken up by
phagocytes and saturate their phago-
cytic capacities. Using this assay, the
authors demonstrate that phagocyto-
sis constitutes a key aspect of the de-
fense againstS. pneumoniae infection.
Indeed, while 3000 bacteria were
required to kill a normal fly, only 20
bacteria kill a fly carrying blood cells
impaired in their phagocytic proper-
ties. The authors then tested the im-
pact of priming on the survival of flies
lacking phagocytosis. They observed
that primed flies died at the same
time as naive flies and conclude that
phagocytes are therefore an essential
effector of the primed response. Since
priming led to increased S. pneumo-
niae killing upon subsequent infection,
the authors conclude that a priming
dose of S. pneumoniae alters the fly
immune system in a persistent man-
ner that specifically allows phagocytes
to recognize and kill S. pneumoniae
more efficiently during a subsequent
challenge.
This pioneering study suggests
many potential avenues of investiga-07 Elsevier Inc.tion. First, it is important to better char-
acterize the specific aspect of the
priming process and therefore the
nature of the priming inducer(s). Bac-
terial cell wall components, such as
peptidoglycan, are major inducers of
Drosophila immune response. Is the
peptidoglycan of S. pneumoniae in-
volved in the priming process? Sec-
ond, it is important to further analyze
the role of Toll signaling in priming.
The authors suggested a role related
to phagocytes but did not rule out
contribution from other tissues. The
genetic tools available in Drosophila
allow for tissue-specific genetic ma-
nipulation and should be instrumental
in addressing this question. Finally, it
is of crucial importance to test the con-
tribution of phagocytes in the priming
process. The authors clearly showed
a role for phagocytes in killing, but are
phagocytes also required for prim-
ing? Can we envision a model in which
phagocytes and potentially their
phagocytic activities are involved in
the priming process? In the light of
findings recently published in Science
by Dietmar Schmucker and colleagues
(Watson et al., 2005), the answer to
that question may well be yes. In this
report, the Schmucker group demon-
strated the potential for generating
more than 18,000 isoforms of the
immunoglobulin superfamily receptor
Down’s syndrome cell adhesion mole-
cule (Dscam) in Drosophila. Moreover,
the authors showed that the phago-
cyte-specific loss of Dscam impaired
the phagocytic properties of hemo-
cytes. Altogether, it is very tempting
to speculate that the mechanisms
underlying the priming process may be
related to the selection of S. pneumo-
niaepattern-specific isoformsofDscam
that allow phagocytes to recognize and
kill S. pneumoniae more efficiently.
If this hypothesis turns out to be
correct, Drosophila may constitute a
powerful genetic system to further in-
vestigate the mechanisms underlying
microbial pattern-mediated selection
of specific immune effectors in inverte-
brate phagocytes.
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